can contribute to the onset or progression of a disease, like in many chronic and degenerative conditions (autoimmune diseases, CNS and peripheral neurodegenerative diseases, etc.) (4) (5) (6) (7) (8) (9) (10) (11) .
Flow cytometric analysis of lymphocyte phenotypes is normally performed on major lymphocyte groups (12) and a further sub-characterization is usually not considered in the standard lymphocyte phenotyping routine despite known associations between other lymphocyte subsets and certain disease states (13) (14) (15) (16) . Addition of specific phenotypes can thus be performed if a particular immunologic condition is suspected. For example, T helper cells of Th1, Th2, Th17 and Treg phenotypes are known key players in the immune-inflammatory chain of molecular events leading to amplification or suppression of specific immune elements, orienting the immune response towards effective resolution or disease chronicization (17, 18) , according to an equilibrium in which these same cells, through the production of specific cytokines, restrict each other's own activity (19, 20) .
The recent personalized medicine approach, with its network view of biological systems, aims to more precisely define the individual characteristics, thus strengthening the "actionability" of diagnostic data and allowing better and more informed therapeutic choices (21) (22) (23) (24) . This approach has given momentum to the use of diagnostic homogeneous sets of biological information, highlighting the importance of using and extending diagnostic panels, where, like in the case of lymphocyte subpopulations, many pieces of a given biological function can be put together for a global view. Nevertheless, despite continuously growing knowledge about the specific role of lymphocyte cytokinergic and regulatory subpopulations, few specialized centers actually provide these analyses as panels on a routine base, a limitation possibly linked to some technical and analytical issues, especially when manipulation is needed for analyzing expression of intracellular cytokines. This issue today can be overcome by exploiting selective expression of chemokine receptors and other surface molecules on the outer lymphocyte membrane of Th1, Th2 and Th17 cells that allow a more rapid and less variable analysis. In particular, CD195 (CCR5) has been shown to be expressed by Th1 lymphocytes, while CD194 (CCR4) and CD161 are expressed by Th2 and Th17 lymphocytes respectively (25) (26) (27) (28) . However reference values for these and other regulatory subpopulations are still lacking, a further limiting factor itself for their widespread diagnostic application. The aim of this retrospective study is to contribute to the development of reference ranges for a panel of lymphocyte subpopulations used for clinical specialist applications (Th1, Th2, Th17, Th-reg, Tc-reg, Tc-CD57 + and B1 lymphocytes), and known to play a role in specific conditions, such as autoimmune and degenerative diseases, including those typical of the nervous systems (10, 11) . maTerials and meThods subjects and sample collection Diagnostic data were retrospectively collected, pooled and analyzed from cytofluorimetric analysis of lymphocyte subpopulations of outpatient subjects referring to a community based laboratory facility in the Veneto Region in Northeast Italy, Data Medica Padova, from January 2015 to June 2016. Inclusion/exclusion criteria were applied as follows: registered cases of lymphocyte associated diseases (immunodeficiencies and lymphoproliferative disorders) were excluded from the study, as well as samples with values of total erythrocytes, total leukocytes, total lymphocytes, and major lymphocyte populations (T cells, Th, Tc and B lymphocytes) outside the normal range according to guidelines adopted by the laboratory (29, 30) .
The facility is part of a group of private healthcare providers operating under agreement with the public healthcare system to deliver healthcare to the public. The center is also ISO9001 certified and accredited for excellence in healthcare by Accreditation Canada International. The retrospective observational study was carried out according to good practice in clinical research guidelines and, following national Italian legislation, registered and notified to the local reference Ethics Committee (ULSS16) with the code DM 2015/01.
Typically, peripheral blood samples were collected by venipuncture in the morning hours from subjects who had been fasting from the night before. Peripheral whole blood specimens were collected in EDTA tubes from all subjects which comprised outpatient from the general community. All blood specimens were subjected to complete blood cell counts (CBC) on the day of the collection for differential count determinations on an ADVIA 2120i Hematology System analyzer with its own reference ranges and reagents were all provided by Siemens as proprietary kits for the instrument (31, 32) . Internal quality control checks which included runs of internal controls were performed daily, while calibration of the instrument was done at regular intervals. (29, 30, 37, 38) . All reagents were purchased from Sysmex Partec Italia, anti-CD161 PE was from Becton Dickinson Italia SpA. Treg were immunostained using Affymetrix eBioscience human regulatory T cell staining kit (PCH101, RPA-T4-BC96) (Thermo Fischer group, Santa Clara, CA 95081), while all the other fluorescent antibodies were from DAKO Italia srl.
statistical analysis Analyses were performed using GraphPad Prism (v 5.01; Graph-Pad Inc., La Jolla, CA, USA) and SigmaPlot (v 13.0; Systat Software Inc., San Jose, CA, USA). Frequency distributions were computed for each parameter and fitted with a Gaussian curve (least squares fit) to test for normality of values using a D'Agostino&Pearson omnibus K2 test (null hypothesis: non-Gaussian distribution). If parameters followed a Gaussian distribution, means, standard deviation and 95% confidence intervals (reference range) were calculated. If the result of D'Agostino&Pearson test were significant, the data were considered to have a non-Gaussian distribution, but given that the data have a sample size greater than 50 and their distribution is similar to a normal, or a Poisson, or a gamma distribution (according to the central limit theorem and the law of large numbers (39, 40) ), then confidence intervals were calculated with an alpha of 0.05 that is, with a probability of 95%. Statistical comparisons for lymphocyte subsets for gender and age groups were computed using one-way analysis of variance (ANOVA) followed by post-hoc tests for selected comparisons or two-tailed Student's t test. Significance level was set at p<0.05. Additional details are provided in the figure captions, where appropriate.
resulTs sample description
Peripheral blood leucocytes data from an outpatient population in Northeast Italy were collected for a retrospective observational study of lymphocyte subsets identified with flow immunocytofluorimetry. Data were collected in a timeframe from January 2015 to June 2016 and inclusion/exclusion criteria were applied as described in the methods section. The initial sample consisted of 365 Caucasian adults (age mean 41.3 years; age range: 19~58 years), 111 males and 254 females. Samples with out-of-range cell counts of erythrocytes, leukocytes and major lymphocyte populations were excluded from the analysis. Following the application of exclusion criteria the sample was reduced to a total of 78 (age mean 42 years), 24 males and 54 females (see Table I ).
immune cell counts and major lymphocyte subpopulations Mean values of white blood cells (WBC), neutrophils, lymphocytes, monocytes, eosinophils and basophils, both absolute numbers and percentage of WBC, were obtained from the hemochrome (CBC) of the subjects and were used to calculate the absolute values of lymphocyte subpopulations from the percentages obtained with cytofluorimetric analysis (see Table II ). The graphical Normal ranges are as previously defined (29, 30) . 
, this suggests that the subjects were likely not to have ongoing major immune alterations or dysfunctions. There were no significant differences between sexes and between the two age ranges considered (above or below 40yrs) (see Fig. 1A and B) .
cytofluorimetric immunophenotyping of cytokinergic and regulatory lymphocyte subpopulations The lymphocyte subpopulations object of the study were analyzed with the immunocytofluorymetric procedures described in the methods. Mean values, standard deviation, standard error and confidence interval of percentage and absolute counts of the different lymphocyte subsets were calculated and nonparametric, as well as Gaussian distributions of data points analyzed. Although non parametric analysis is the normal choice for studying the distribution of data points from data affected by large numbers of variables, as in the case of circulating blood cells, a Gaussian analysis was also performed for each subset of cells to distribute and characterize lymphocyte subpopulations according to their level of intrinsic variability/instability. In particular Gaussian distribution of data was assessed (see Table IIIA , B and Fig. 2) . Values for %Th1, Th1/ml, %Th2, Th2/ml, %Th17, Th17/ ml, %Th-reg, Th-reg/ml display a Gaussian distribution, while the others do not, suggesting that the latter might be more sensitive to subtle stimuli or display a more dynamic behavior by nature. The confidence intervals were calculated with an alpha of 0.05 that is, with a probability of 95%. The distribution of lymphocyte subpopulations between sexes and between the two age ranges considered (above or below 40 yrs) did not show any significant statistical difference (Fig. 3A and 3B ).
discussion
This retrospective study was designed to establish reference range values of a panel of lymphocyte subpopulations known for their functional and regulatory role in many facets of immune dysregulations, but that have not yet been consistently included in routine assays for immune function characterization. Variations in population and environmental factors need to be addressed individually by region, as these may play a major role in defining the so-called normal reference ranges and overall immune status (37, 38) . The present study focused on determining reference ranges for lymphocyte subsets in a cohort of outpatients representative of male and female adult Caucasians in Northeast Italy. In particular, we verified our established reference ranges, widely used for the routine lymphocyte panel (29, 30, 37, 38) and extended the analysis to additional lymphocyte subpopulations which, although regularly performed in our laboratory, still lack precise reference values. Stringent exclusion/inclusion criteria were applied, in order to limit as much as possible pathological abnormalities due to major immune and blood dysfunctions. Application of these criteria reduced the sample to 21% of the initial population. Analysis of extended panels of lymphocytes is usually requested as a second line diagnostic for suspected dysfunctions. It is thus not surprising that most patients, although not ill enough to be hospitalized, suffered from alterations in blood cell counts. Although the numerosity was reduced to 78, this value was sufficient to ensure statistical power for analysis and, despite the large reduction, the characteristics of the population were not significantly affected, both in terms of mean age and gender.
Mean values of "standard" leukocytes and lymphocytes from the selected population were in accordance with published values (29) (30) (31) (32) 37, 38) , regardless of age and sex: total leukocytes, neutrophils, eosinophils, basophils, total lymphocytes, T lymphocytes, Th, Tc, B lymphocytes and Natural Killer cells (Table II and Fig. 2) , thus validating the reference values used in the laboratory.
Besides the main standard lymphocyte subpopulations, the major group of phenotypes analyzed was characterized by immune regulatory functions exerted either by specific cytokine-producing lymphocytes (Th1, Th2 and Th17) (10, 11) , by lymphocytes with direct suppressive functions (Th and Tc regulatory cells, Tc-CD57 + ) (34) (35) (36) (41) (42) (43) (44) , or by lymphocytes with mixed mechanisms (B1 lymphocytes) (45) (46) . All these sub-classes are believed to play an important role in chronic immune dysregulations and are included in diagnostic cytofluorimetric lymphocyte panels used for such conditions (47, 48) , including neuro-immune dysregulations (49) (50) (51) . Cytokine producing T helper lymphocytes are involved in the early steps of the immune cascade. By activating specific pathways and inhibiting others, these lymphocytes are key players in the immune response and variations in their subsets can be suggestive of specific pathological conditions (52) . Based on cytokine profiles produced upon activation, T helper lymphocytes can be sub-classified into Th1, Th2, Th17 and a growing number of other minor sets, known to characterize immune responses in several diseases (10, 20, (53) (54) (55) (56) . Immune fluorescent staining of specific surface molecules was used to identify Th subsets (25) (26) (27) (28) . Th1 mean value, as expected, was higher than Th2 mean value, while the value of Th17 lymphocytes was consistently higher than the other two cytokinergic lymphocyte subgroups. Accordingly, all ratios normally used to evaluate Th cytokinergic and regulatory patterns (Th1/ Th2, Th-reg/Th17) are within published ranges (57) (58) (59) (60) (61) . Nevertheless the use of a simplified test for lymphocyte subpopulations, where phenotypes are based upon surface antigen expression rather than actual intracellular cytokine expression, should always be acknowledged in order to account for potential risks associated with this assumption.
Th-reg and Tc-reg lymphocytes are implicated in negative feedback to immune activation and are suggested to play a central role in the immune modulation associated with specific pathologic conditions (34) (35) (36) . In this study their values are the lowest, which is not surprising, given their fine tuning role in immune functions.
Tc-CD57 + (also known as T-reg neuroantigen specific) lymphocytes have been identified as cytotoxic effector memory T cells capable of immediate functional activity, with high susceptibility to activation-induced cell death and immunosuppressive capacity (43, 44) . Increased numbers of Tc-CD57 + cells are associated with a wide range of chronic diseases and some viral infections (44) , while their neurotropic nature also suggests a role in neuro-immune dysregulations (62, 63) . Their values are rather variable in this study, perhaps related to the unpredictability of an individuals' immune history.
B1 cells are the final regulatory lymphocyte subpopulation included in the panel. These lymphocytes are identified as CD20
+ B cells and have been suggested to constitute a distinct B cell lineage with a unique set of characteristics that includes constitutive production of auto-reactive antibodies, regulatory cytokines like IL-10 and a strong ability to activate other regulatory lymphocytes (47, 48, 64) .
Taken together these results contribute to establishing reference ranges for each type of lymphocyte subpopulation examined. In particular, the results indicate that values from most subpopulations (Th1, Th2, Th17, Threg) display a Gaussian distribution, which characterizes a homogeneous population. Values for the remaining subpopulations (Tc-reg, Tc-CD57 + , B1), although not displaying a Gaussian distribution, can still be statistically considered as normally distributed. Such distribution allows for their use as reference range and favors their diagnostic application. Further, statistical significance of the distributions, despite the relatively low number of subjects used in the study, considered together with values of standard deviation, supports the view that most lymphocyte subpopulations analyzed, in normal conditions represent rather stable proportions of lymphocytes. Tc-CD57 + cells represent a predictable exception, given their intrinsic variability (43, 44, 62, 63) . The mean, median and standard deviation values, as well as reference ranges, or confidence intervals did not differ significantly between sexes or the two age groups considered (19~40 and 41~58), suggesting their applicability for adults of either sex.
Immune cells are functionally related and changes in a regulatory cell type often lead to a network phenomenon, their numbers should thus be considered as a whole rather than single biomarkers. Positive and negative relationships between lymphocytes should thus be taken into account when presenting the results of a diagnostic lymphocyte panel. Some of the changes might also be different from what is expected from known relationships and these might be associated to specific pathologic conditions.
The standardization process thus includes not only the definition of reference ranges, but also a clear definition of the known functional relationships among lymphocytes, especially if paneling regulatory and cytokinergic cells (see Fig. 4 ), as a guideline to follow for the interpretation of results. Progressing from the idea of diagnostic biomarkers to a vision of biomarker networks enhances the "actionability" of diagnostic data (24, 65) and is a key passage in the application of a systems biology view for the interpretation of collective diagnostic data, an approach strategically functional in the path to personalized medicine (21) (22) (23) (66) (67) (68) .
Further studies are required with larger samples to consolidate the reference range values identified and a constant update of the immune cell network will be necessary for the correct use of the panel. Validation of these values in other populations will also be needed and is part of our future research plan. The present reference range values can in fact only be applied to the selected age group (adults). Specific studies are required to verify them across age groups (i.e. children, the elderly), as well as in non-Caucasian populations.
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